INTRODUCTION
============

During the last 3 decades, the demand for liver transplantation (LT) has gradually increased due to expansion of its indications. Because of the relative shortage of deceased donor organs, LT cases using living donor grafts and split grafts have increased to help solve the organ shortage.

The concept of standard liver volume (SLV) emerged after the introduction of living donor LT (LDLT). It is an important parameter that is used as a reference liver volume to estimate the graft size matching, because potential LT recipients\' native livers are often shrunken due to advanced liver cirrhosis. Small-for size graft syndrome, which causes graft failure, is a serious complication in LDLT.[@B1][@B2] Accurate pretransplant estimation of the recipient SLV is crucial to reduce such graft volume-associated complications. Furthermore, it is important to determine the most suitable formula to predict SLV reliably.

In 1995, Urata et al.[@B2] derived a simple linear equation that estimates SLV by using the body surface area (BSA) of Japanese population without liver abnormalities. Subsequent studies from various countries suggested different formulae that include different factors for SLV, such as body weight, age, height, and gender.

In the present study, based on our institutional high-volume database of LDLT, we attempted primarily to determine a reliable SLV formula for Korean adult patients and compare the equation with SLV formulae from other studies. Secondly, we also assessed the impact of the confounding variables of gender and body mass index (BMI) to determine the difference in the total liver volume (TLV) according to such variables.

MATERIALS AND METHODS
=====================

Selection of living donors
--------------------------

A total of consecutive 1,000 living donors (789 males and 211 females) from our institutional database of LDLT, who underwent right or left liver donation between December 2009 and July 2013 were enrolled in the study. Donor demographics (age and sex) and anthropometric data (body weight, body height, and BMI) were recorded at the time of admission for LDLT. Non-Korean donors were excluded from the study.

Anthropometric measurement and calculation
------------------------------------------

BSA was calculated by using 2 formulae i.e., the DuBois and Mosteller formulae.[@B3] BSAs obtained from these 2 formulae are very similar each other and thus interchangeable. Mosteller formula is a simplified form of DuBois formula: The equations were as follows:

DuBois formula: BSA (m^2^)=0.007184×height (cm)^0.725^×body weight (kg)^0.425^

Mosteller formula: BSA (m^2^)=\[body weight (kg)×height (cm)/3600\]^1/2^

BMI was calculated as body weight (kg) divided by \[height (m)\]^2^ (BMI=kg/m^2^). Using the World Health Organization (WHO) standard for Asian populations,[@B4] donors were categorized as underweight (BMI\<18.5 kg/m^2^), normal and overweight (18.5 kg/m^2^≤BMI\<25.0 kg/m^2^), and obese (BMI≥25.0 kg/m^2^). TLV was measured by computed tomography (CT) volumetry using 3-mm-thick dynamic, contrast-enhanced, multidetector CT images. The CT images were stored in the Picture Archiving and Communication System (PACS; Petavision2, Asan Medical Center, Seoul, Korea), enabling image processing and various measurements, including liver volumetry. Volumes of the right liver, left liver, and caudate lobe were measured separately by using the portal-phase CT images.

Statistics
----------

After testing for normal distribution using kurtosis and skewness tests, continuous numeric variables were expressed as mean and standard deviation (SD), and median and range. Scatter plots with fitted lines were used to illustrate the correlation between TLV and BSA. Simple linear regression analysis was presented with a regression equation, correlation coefficient (r), and coefficient of determination (r^2^). Significance between BMI group stratifications was determined by Kruskal-Wallis test. The estimated standard TLV calculated by using each of previously published formula was compared with the calculated liver volume of each donor by 2-sided paired-sample Student\'s t test. The statistical significance was set at *p*-value\<0.05 for all tests. Statistical analyses were performed with SPSS version 18.0 (SPSS Inc., Chicago).

RESULTS
=======

Liver volume profiles of living donors
--------------------------------------

The demographic and anthropometric profiles of the 1,000 living donors were summarized in [Table 1](#T1){ref-type="table"}. The majority of the donors were male (79.7%) between 20 to 30 years of age (72% were within the range of 20-39 years). Of them, 77% of the donors were normal to overweight (BMI=18.5-24.9 kg/m^2^) and 19.7% were obese (BMI over 25 kg/m^2^). At the time of surgery, right liver grafts (88.1%) were used more frequently than left liver grafts (11.9%).

The median values of BSA according to the Mosteller and DuBois formulae were 1.77 m^2^ and 1.76 m^2^, respectively, and showed no difference between the 2 equations (*p*=0.338). The median values of TLV and TLV per BSA (standardized TLV) were 1117.5 ml and 632.4 ml/m^2^ on Mosteller formula and 631.8 ml/m^2^ on DuBois formula, respectively. The mean volume of the right liver was 745.4±155.1 ml and occupied 65.2% of the whole liver. The correlation between TLV and BSA according to both Mosteller and DuBois formulae ([Fig. 1](#F1){ref-type="fig"}) with the regression equation for SLV was depicted in [Table 2](#T2){ref-type="table"}. The regression equation for SLV was further divided according to gender and BMI.

The mean standardized TLV between two genders showed no statistically significant difference (641.9±87.7 ml/m^2^ in male and 644.4±87.4 ml/m^2^ in female; *p*=0.716). Analyzing according to BMI, the mean standardized TLV showed statistically significant differences (590.7±64.1 ml/m^2^ for BMI\<18.5, 636.6±86.0 ml/m^2^ for BMI 18.5-24.9, and 673.8±88.6 ml/m^2^ for BMI≥25; *p*=0.000), indicating that individuals with a higher BMI have a larger liver. In male donors, the correlation among standardized mean TLV and BMI showed statistically significant differences (589.3±61.4 ml/m^2^ for BMI\<18.5, 635.2±84.8 ml/m^2^ for BMI 18.5-24.9, and 678.3±92.5 ml/m^2^ for BMI≥25; *p*=0.000). In contrast, female donors had no significant difference in the liver size with increases in BMI (596.2±77.9 ml/m^2^ for BMI\<18.5, 642.0±91.0 ml/m^2^ for BMI 18.5-24.9, and 659.5±73.4 ml/m^2^ for BMI≥25; *p*=0.082) ([Fig. 2](#F2){ref-type="fig"}).

Comparison of different SLV formulae to estimate the liver size
---------------------------------------------------------------

Based on the anthropometric data, the liver volumes were calculated with previously published formulae ([Table 3](#T3){ref-type="table"}).[@B2][@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16][@B17][@B18] Comparing with the individual TLVs of our donors\' data, our formula resulted in a mean percentage of volume difference \[(SLV-individual TLV)/individual TLV)×100%\] of 1.6±12.9% and a mean percentage of volume error (absolute value of percentage of volume difference) of 4.8%. Appling our donor profiles to the other 16 formulae, the mean percentage of volume error was greater, ranging from 4.8% to 6.1%. The mean proportions of volume difference calculated using these formulae ranged from -3.9% to 65.3%. The Chan formula resulted in the most underestimation and the Chouker formula in the most overestimation. In comparison, Yu formula, another formula that used Korean population\'s data resulted in overestimation by a mean percentage volume error of 5.2%.

DISCUSSION
==========

Improvement in the preoperative evaluation for LDLT resulted in better outcome in recipient side and reduced donor complications. The introduction of SLV by Urata et al.[@B2] in 1995 contributed to the evaluation of LDLT. Currently, there are several published formulae for SLV estimation. Applying the donor data from this study to the previously published formulae indicated that Chan and Fu-Gui formulae underestimated the TLV while all the other formulae overestimated it. Except for Chouker formula, that showed 6.1% of mean percentage volume error, the mean percentage volume error using other formulae ranged from 4.8% to 5.4%. The use of our formula resulted in mean percentage volume error of 4.8%, while the other formulae also yielded crudely acceptable SLV estimation for Korean adults.

Yu formula, derived from the data of Korean population in 2004,[@B11] overestimated the volume by 5.2% of mean percentage volume error. This difference might derive from the postmortem calculations of liver weight of children to adults, because in children, the liver volume/body weight ratio increases as age decreases. There also might be some non-negligible differences between postmortem liver weight and CT volumetry.

Subdividing individual TLV by the gender showed no difference between the 2 genders. The SLV formulae derived by each gender showed mean percentage volume error for male and female as 5.3% and 14.3%, respectively, indicating that the total donor SLV formulae have a higher accuracy in estimating SLV than dividing by the gender. Individual TLV stratified according to BMI showed that higher BMI have larger liver, and the regression formulae for underweight had mean percentage error of 5.4%, but normal and overweight was \>10% (10.3% and 16.6%, respectively). Further subdividing by gender and BMI, except for male obese donors, showed mean percentage error of \>10%. These results indicated that a specific formula for each criterion is inefficient and incorrect, as compared to that derived from a larger population study.

Recently, we reported another SLV formula using data of 2,155 living donors as \"SLV (ml)=-456.3+969.8×BSA\".[@B19] This formula differed slightly from the formula of the present study, although the sample number was sufficiently large in our precedent and present studies.

One of the limitations of this study was the relative lack of female donor data. Standard TLV between genders showed no significant difference; however, in actuality, males tend to donate more often in the Korean culture.

In conclusion, our study suggested that nearly all formulae except Chouker formula show a crudely applicable range of SLV estimation for Korean adults. Considering the volume error in estimating SLV, further SLV studies with larger population from multiple centers should be performed to enhance its predictability. Our results also suggested that classifying SLV formulae by BMI and gender is unnecessary.
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###### Demographic and anthropometric profiles of 1,000 living donors
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BSA, body surface area; BMI, body mass index; ICG-R~15~, indocyanine green retention rate at 15 minutes

###### Correlation between total liver volume (TLV) and body surface area (BSA) and the regression equation for standard liver volume (SLV)
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###### Comparison of the accuracy by using other formulae with our donor profiles
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BW, body weight (kg); BH, body height (cm); BSA, body surface area (m^2^). ^\*^sex factor: F=1, M=0. ^†^sex factor: M=1, F=0. ^‡^age factor: age \<40=1, 41-60=2, \>60=3
